Eur paisches Patentamt 
European Patent Office 
Office europeen des brevets 



@ Publication number: 



0 247 563 

A2 



EUROPEAN PATENT APPLICATION 



® Application number: 87107592.5 
@ Date of filing: 25.05.87 



© int. Ct. 4 : C08F 299/06 , C09D 3/80 . 
C09D 3/72 



© Priority: 27.05.86 JP 120158/86 
10.04.87 JP 88479/87 

© Date of publication of application: 
02.12.87 Bulletin 87/49 

© Designated Contracting States: 
BE DE E5 FR GB IT 



© Applicant: NIPPON OIL & FATS CO. Ltd. 
10-1, Yuraku-cho 1-chome 
Chiyoda-ku Tokyo(JP) 

@ Inventor Ohama, Yoshifumi 
6-11, Mondo Okada-cho 
Nishinomiyashi Hyogo(JP) 
Inventor Chihara, Yoshihide 
1-15-16, Nanpeidai 
Takatsuki-shi Osaka(JP) 
Inventor. Honda, Yasufumi 
6-23, Mondo Odaka-cho 
Nishinomiya-shi Hyogo(JP) 
Inventor: Miyamoto, Yasuhiro 
6-23, Mondo Odaka-cho 
Nishinomiya-shi Hyogo(JP) 

® Representative: Hansen, Bernd, Dr.rer.nat et 
al 

Hoffmann, Eitle & Partner Patentanwatte 
Arabellastrasse 4 
D-8000 Munchen 81 (DE) 



© Ultraviolet-curable coating composition and process for preparing the same. 

© A ultraviolet-curable coating composition is disclosed, which comprises a specific ultraviolet-curable polyfun- 
ctionaJ (meth)acrylate, a specific urethane-curing .polym er, and a spec ific polyisocyanate compound in a specific 
compounoing rati o and having incorporated therein a photo stabili zer and a photopoivmerization initiator . The 
composition provides a coating film of large thickness in one operation and is sufficiently cured even with non- 
^ uniform ultraviolet radiation and the coating film obtained from such a composition fully satisfies various 
^requirements, such as appearance, adhesion, and weathering resistance. A process for preparing the said 
composition is also disclosed. 
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ULTRAVIOLET-CURABLE COATING COMPOSITION AND PROCESS FOR PREPARING THE SAME 



FIELD OF THE INVENTION 

This invention relates to a ultraviolet-curable coating composition which can be coated in large film 
5 thickness in one operation and be cured sufficiently even with insufficient ultraviolet irradiation to form a 
cured film excellent in appearance {distinctness of image gloss), adhesion, weathering resistance, and the 
like. 



w BACKGROUND OF THE INVENTION 



Solvent type or water-soluble, type acrylfc/melamine resin coatings and acrylic/urethane resin coatings 
have widely been employed as coatings for vehicle bodies which are required to have a highly attractive 
appearance as well as other various coating performances. In recent years, photo-curable coatings and 

T5 radiation-curable coatings have been proposed in addition to the above-described coatings curable by 
crosslinking. The photo-curing coatings include a composition comprising a modified isocyanate having an 
ethylenical double bond and an isocyanate group and a hydroxy l-containing prepolymer as disclosed in 
Japanese Patent Application (OPI) No. 66596/75 (the term M OPP as used herein means "unexamined 
published application"). The radiation-curable coatings include a composition comprising an ethylenic 

20 polymer having a (meth)acrylic ester and a hydroxyl group, a vinyl polymer, and a photo initiator as basic 
components and, in addition, a reaction product between the basic components and a polyisocyanate 
compound as disclosed in Japanese Patent Application (OPI) No. 17967/79. 

The aforesaid acrylic/melamine resin coatings and acrylic/urethane resin coatings do not necessarily 
exhibit satisfactory appearance and find difficulty in coating thickly. A high film thickness may be attained 

25 by increasing a non-volatile residue, i.e., total solids, of a coating. However, means generally taken to this 
effect, such as reduction of molecular weight of resinous components to decrease the viscosity, result in 
deterioration of workability of the coating and physical properties, chemical res/stance, and weathering 
resistance of a coating film. 

On the other hand, the photo-curable coatings or radiation-curable coatings are easily obtained high film 

30 thickness and their coating films are excxellent in appearance. However, they show poor adhesion to a 
substrate due to great distortion upon curing. Moreover, sufficient curing cannot be achieved on areas 
where ultraviolet radiation is insufficient so that satisfactory weathering resistance cannot be always 
assured. 



35 

SUMMARY OF THE INVENTION 



Accordingly, an object of this invention is to provide a ultraviolet-curable coating composition which can 
be obtained high film thickness in one coating be cured sufficiently even when ultraviolet irradiation is non- 
40 uniform, and provide high quality coating film excellent in appearance, adhesion to a substrate, weathering 
resistance, and the like. 

As a result of extensive investigations to accomplish the above object it has now been found that a 
composition comprising a specific ultraviolet-curable polyfunctional (meth)acrylate, a specific urethane- 
curing polymer, and a specific polyisocyanate compound in a specific compounding ratio and having 
45 incorporated therein a photo stabilizer and a photopoiymerization initiator provides a coating film of high 
thickness in one coating and is sufficiently cured even with non-uniform ultraviolet radiation and that the 
coating film obtained from such a composition fully satisfies various requirements, such as appearance, 
adhesion, and weathering resistance. The present invention has been completed based on these findings. 

rThe present invention relates to a ultraviolet-curable coating composition comprising:- 
J (A) a ultraviolet-curable polyfunctional acrylate and/or methacrylate (hereinafter inclusively referred to 
as (methacrylate) containing at least two acrytoyl and/or methacryloyl groups (hereinafter inclusively 
referred to as (meth)acryloyl groups) in the molecule thereof and having a number average molecular 
weight of from 190 to 2.000. 

(B) a polyhydrjc alcohol mono(meth)acrylate p olymer having a hydroxyl number of from 10 to 200, 

(C) a non-yellowing polyisocyanate compound? ~~" = 
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(D) a photo stabilizer, and 

(E) a photopolym rization initiator, wherein said components (A),- or (B), and (C) are present in an 
amount of from 20 to 80% by weight based on the total amount of the compon nts (A), (B), and (C) with 
said component (C) having an isocyanate equivalent of from 0.2 to 1.5 per hydroxy! equivalent of the 
component (B), said composition providing a cured film having a gloss retention of 90% or more and a 
color difference AE of 2 or less when tested with a sunshine weatherometer for an exposure time of 1 ,000 
hours. 



DETAILED DESCRIPTION OF THE INVENTION 

The term n (meth)acryloyl group" as used herein means an acryloyl group and/or a methacryloyl group 
represented by formula 

CH 0 = C - C - 

2 I II 
R O 

wherein R represents a hydrogen atom or a methyl group. 

The polyfunctional (meth)acrylate which can be used as component (A) in the present invention is a 
ultraviolet-curable compound having at least two (meth)acryioyl groups in the molecule and a number 
average molecular weight of from 190 to 2,000. If the number of a (meth)acryloyl group per molecule is less 
than 2, curing properties of the resulting composition becomes insufficient. If the number average molecular 
weight exceeds 2,000, neither improvement in appearance nor assurance of curing properties can be 
attaiend. If it is less than 190, the resulting coating film exhibits poor flexibility. 

The polyfunctional (meth)acrylate to be used in the present invention includes not only polyhydric 
esters between polyhydric alcohols and acrylic acid and/or methacrylic acid (hereinafter inclusively referred 
to as (meth)acrylic acid) but various (meth)acrylate compounds hereinafter described. These polyfunctional 
(meth)acrylates can be used either individually or in combinations of two or more thereof- 
Specific examples of the aforesaid polyhydric esters are 1 ,3-butanediol di(meth)acrylate, diethylene 
glycol di(meth)acrylate, polyethylene glycol di(meth)acrylate, hydroxypivalic ester neopentyl glycol di(meth)- 
acrylate, trimethylolpropane tri(meth)acrylate, pentaerythritol tri(meth)acrylate, dipentaerythritol hexa(meth)- 
acrylate, etc. 

Examples of (meth)acrylate compounds other than the above-enumerated polyhydric esters include 
polyester acrylates composed of n mols of adipic acid, (n + 1) mols of hexanediol, and 2 mols of (meth)- 
acrylic acid; epoxy (meth)acryiates obtained by esterifying an epoxy group of an alicyclic epoxy compound 
with (meth)acrylic acid; polyurethane (meth)acryiates obtained by reacting hexamethylene diisocyanate with 
a (meth)acrylate having a hydroxyl group, e.g., hydroxyethyl acrylate; meiamine (meth)acrylate obtained by 
reacting a methylol group of methylolmelamine with hydroxyethyl (meth)acrylate; etc. 

Of these polyfunctional (meth)acrylates, those containing an acryloyl group in their molecule are 
particularly preferred because they bring more satisfactory results in curing properties as compared with 
those containing a methacryloyl group, ft is most preferred to use a polyfunctional acrylate containing 3 or 
more acryloyl groups in the molecule either alone or in combination with a polyfunctional acrylate 
containing two acryloyl groups in the molecule. 

The polyhydric alcohol mono(meth)acrylate po lymer which can be used as the component (B) includes 
homopofymers or copolymers of hydroxyl-containing monomers, e.g., hydroxyethyl (meth)acrylate, hydrox- 
ypropyl (meth)acrylate, polyethylene glycol mono(meth)acrylate, polypropylene glycol mono(meth)acrylate, 
neopentyl glycol mono(meth)acrylate» glycerin mono(meth)acrylate, etc., or copolymers comprising these 
monomers and one or more of other monomers copolymerizable therewith, e.g., methyl (meth)acryiate, 
ethyl (meth)acrylate. propyl (meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, styrene, etc. 

Preferred of these polymers are copolymers comprising 2-hydroxyethyl (meth)acrylate and/or 2- 
hydroxypropyl (meth)acrytate as a hydroxyl-containing monomer and the aforesaid copolymerizable 
monomer(s)- 

The hydroxyl number of the component (B) is limited to a range of from 10 to 200. If it is less than 10. 
curing properties are not satisfied in some cases. If it exceeds 200, there is a fear that various performance 
properties, such as coating film appearance, adhesion, and weathering resistance, may be impaired. 

The molecular weight of the component (B) is not particularly limited but usually ranges from about 
2.000 to about 20,000. 
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The non-yellowing polyisocyanate compound which can be used as the compon nt (C) preferably 
includes polym rs of hexamethylene diisocyanate and/or isophorone diisocyanate, that is. a homopolymer 
of h xamethylene diisocyanate, a homopoiym r of isophorone diisocyanate, a copolymer of hexamethylene 
diisocyanate and isophorone diisocyanate, and a mixture thereof. Blocked isocyanate compounds of these 
s . polymers wherein the isocyanate group is masked with a hydroxy l-containing compound, etc are also 
preferred. In addition, other various polyisocyanate compounds known to be non-yellowing, such as 
polymers of other diisocyanate compounds than those recited above, can also be used. 

The components (A), (B), and (C) should be used in such proportions that the component (A) be 
present in an amount of from 20 to 80% by weight, and preferably from 30 to 70% by weight, based on the 
70 total amount of these three components and the components (B) and (C) are present in an amount of from 
80 to 20% by weight, and preferably from 70 to 30% by weight based on the total amount of the three 
components, with the isocyanate equivalent in the component (C) ranging from 0.2 to 1.5. and preferably 
from 0.4 to 1.2. per hydroxyl equivalent in the component (B). 

If the proportion of the component (A) in the total amount of the three components (A) to (C) is less 
75 than 20% by weight the resulting composition tends to undergo deterioration in curing properties and 
appearance of a cured film and find difficulty in coating in large thickness through one coating operation. If, 
on the other hand, it exceeds 80% by weight the coating film suffers from considerable distortion due to 
shrinkage on curing, resulting in reduction of adhesive properties and weathering resistance. When the 
isocyanate equivalent of the component (C) is less than 0-2 per hydroxyl equivalent of the component (B), 
20 curing properties become insufficient and even if it exceeds 1 .5, no further improvement can be expected. 

The photo stabilizer as component (D) functions to improve weathering resistance of a coating film. It is 
selected from compounds which can be uniformly dissolved or dispersed in a coating film and causes 
neither inhibition of ultraviolet-curing nor yellowing of a coating film. Such compounds include ultraviolet 
absorbents and antioxidants. Examples of the former include benzophenone and its derivatives, phenyl 
25 salicylate and its derivatives, benzotriazole and its derivatives, and the like. Of these, benzotriazole type 
• ultraviolet absorbents are particularly preferred. The- antioxidants preferably include hindered amines. These 
photo stabilizers are usually used in an amount of from about 0.5 to about 5 parts by weight per 100 parts 
by weight of the total amount of the components (A), (B), and (C). 

The photopolymerization initiator which can be used as component (E) shows absorption in the 
30 ultraviolet region of from 260 to '450 nm and includes benzoin and its derivatives, benzophenone and its 
derivatives, acetophenone and its derivatives, Michler's ketone, benzyl and its derivatives, tetraaikyfthiuram 
monosulfides, thioxanes, and the like. Preferred among them are acetophenone and its derivatives. These 
photopolymerization initiators may be used either individually or in combinations of two or more thereof. 
The amount of the component (E) to be added usually ranges from about 0.5 to 5 parts by weight per 100 
as parts by weight of the total amount of the components (A), (B), and (C). 

The ultraviolet-curable coating composition according to the present invention can be prepared by 
uniformly mixing the above-described components (A) to (E). In the preparation, a diluting solvent may be 
used for viscosity control in such an amount that total solids may not be less than about 40% by weight. If 
desired, the composition may further contain additives generally employed in ultraviolet-curable coatings. 
40 such as photopolymerization sensitizers, e.g., amine compounds, urea compounds, sulfur compounds, etc.; 
antj-cissing agents, fluidity-controlling agents, organic peroxides for effecting uniform curing on polymeriza- 
tion, pigments, dyes, and the like. 

The uttraviolet-curable coating composition according to the present invention provides a cured film 
having very excellent weathering characteristics, such as a gloss retention of 90% or more and a color 
46 difference AE of 2 or less when tested with a sunshine weatherometer for an exposure time of 1,000 hours. 
Such superiority can first be achieved by an appropriate combination of the essential components (A) to 
(E), particularly, in a specific proportion of each components (A), (B) and (C) as described above but has 
not been substantially attained by any of the conventionally known ultraviolet-curable coatings. 

The method of coating the ultraviolet-curable coating composition of the present invention is not 
so particularly restricted, in general, a substrate is previously coated with a baking-curable colored coating. 
After baking, the composition of the present invention is spray-coated or electrostatically coated thereon 
with, if necessary, a marking tape. etc. adhered thereto. The coating film is then cured by irradiation with 
ultraviolet rays. If desired, the coating film may be pre-heated to remove the solvent prior to ultraviolet light 
irradiation, or the ultraviolet light irradiation may be followed by post-heating. 
55 A ultraviolet light emitter to be used for curing is preferably capable of irradiating a surface of three- 
dimensional substrate as uniformly as possible. The ultraviolet light source to be used includes a high- 
pressure mercury lamp, a metal halide lamp, etc. 
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The polyfunctions! (meth)acrylate as component (A) contribut s to improve uitraviofet-curabl properti s 
and to reduce a requisite amount of a diluting solvent, which leads to realization of a larg coating thickn ss 
in one coating operation. Further, the component (A) covers up roughness of a substrate surface to produce 
high quafity appearance.. 

5 The polyhydric alcohol mono(meth)acrylate as component (B) and the non-yellowing polyisocyanate 
compound as component (C) play an important role in compensation for insufficiency of curing when 
ultraviolet irradiation is non-uniform. They are also effective to greatly reduce distorsion due to shrinkage on 
curing thereby to improve adhesion to a substrate and weathering resistance and, at the same time, to 
make a satisfactory finish on the areas where the coating is applied on a marking tape without suffering 

to from defects, such as wrinkles and cracks. 

In the present invention, the cross linking density of a coating film can be controlled appropriately by 
varying a mixing ratio of the components (A), (B), and (C), to obtain performance properties in accordance 
with use of the coating composition, such as resistance to gasoline, wearability, and the like. 

The photo stabilizer as component (D) makes a contribution to improvement of weathering resistance of 

rs a cured film. Of the photo stabilizers, ultraviolet absorbents have generally been regarded unfavorable for 
use in ultraviolet-curable compositions in view of their curing properties. Nevertheless, use of such 
ultraviolet absorbents in the coating composition of the present invention gives rise to no problems in curing 
of a coating film. 

The ultraviolet-curable coating composition comprising the components (A) to (D) having the above- 
20 described effects and, in addition, a photopolymerization initiator as component (E) can be coated in large 
thickness in one coating operation, be sufficiently cured even when ultraviolet irradiation is non-uniform, and 
provides a cured coating film highly satisfying various performances, such as appearance, adhesion, and 
weathering resistance. Therefore, it is very useful as a coating for vehicle bodies (steel plates or plastics) 
which is especially required to satisfy appearance and weathering characteristics as well as a coating for 
25 other substrates, e.g., a metal plate other than a steel plate, and wooden products. 

The present invention wiif now be illustrated in greater detail by way of the following examples, but it 
should be understood that the present invention is not deemed to be limited thereto. In these examples, all 
the parts and percents are given by weight unless otherwise indicated. 

30 

EXAMPLES 1 TO 5 

Components (A) to (E) shown in Table 1 were uniformly mixed to prepare a ultraviolet-curing coating 
composition (clear coating). 

35 

COMPARATIVE EXAMPLES 1 TO 3 

Components (A) to (E) shown in Table 1 were uniformly mixed to prepare a comparative ultraviolet- 
40 curable coating composition (clear coating). 

COMPARATIVE EXAMPLE 4 

45 A water-soluble acrylic melamine resin clear coating ("Aqua No. 7100 Clear" produced by Nippon Oils 
& Fats Co.. Ltd.; total solids: 40%) was used as a comparative coating. 
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*1) Aj^s A solution {total solids: 63%) of polyurethane 
"acrylate having a number average molecular 
weight of l r 800, which is obtained by reacting 
1,008 parts of Ccronate HK50EX (a polymer 
of hexamethylene diisocyanate produced by 
-Nippon Polyurethane Ind. Co., Ltd.; isocyanate 
group content: 10.2%), 348 parts of 
2-hydroxypropyl acrylate, 0.2 part of 
hydroquinone, and 0.1 part of triethylamine 
at 80 °C for 10 hours. 

*2) A 2 : A solution (total solids: 75%) of epoxy 
acrylate having a number average molecular 
weight of 800, which is obtained by reacting 
450 parts of Araldite XB-3084 ( hydrogenated 
epoxy resin produced by Ciba Ltd.; epoxy 
equivalent: 227), 144 parts of acrylic acid, 
0.2 part of hydroquinone, 2 parts of 
triethylamine, and 200 parts of xylene at 
150 °C for 5 hours - 

*3) A 3 : Trimethylolpropane triacrylate (number average 
molecular weight: 300) 

*4) A 4 : Polyethylene glycol (400) diacrylate ("PEG 
400DA" produced by Nippon Oils & Fats Co., 
Ltd.; number average molecular weight: 52Q) 

*5) B lS A solution (total solids: 67%) of a polymer 
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having a hydroxyl number of 65, which is 
obtained by mixing 13 parts of 2-ethylhexyl 
acrylate successively with 50 parts of butyl 
methacrylate. 15 parts of 2-hydroxyethyl 
"methacrylate, 2 parts, of methacrylic acid, 
20 parts of styrene, 2 parts of azobisiso- 
butyronltrile, and 48 parts of toluene and 
allowing the mixture to react at 110°C for 
6 hours while stirring. 
*6) B 2 : A solution (total solids: 70%) of a polmer 
having a hydroxyl number of 113, which is 
obtained in the same manner as for B 1# except 
for using double the amount of 2-hydroxyethyl 
methacrylate. 

*7) C 1 : A polymer of hexamethylene diisocyanate 
("Sumidur N" produced by Sumitomo Bayer 
Urethane Co. , Ltd. ) 
*8) C 2 : A polymer of isophorone diisocyanate ("Desmodur 
Z4370" produced by Sumitomo Bayer Urethane 
Co.. Ltd.) 

*9) D x : Hindered amine type antioxidant { "Sanol 

' LS-292" produced by Sankyo Co., Ltd.) 
*10) D 2 : Benzotriazole type ultraviolet absorbent 

("Tinuviii 900" produced by Ciba Ltd.) 
*11) E 1 : Acetophenone type photopolymerization 
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initiator {"Irgacure 184" produced by Chiba 
Ltd.) 

*12) E^: Acetophenone type photopalymerization 

initiator ("Darocur 1173" produced by Merck 
" AG) 

Test specimens were prepared as follows using each of the coatings of Examples 1 to 5 and 
Comparative Examples 1 to 4 and were evaluated for coating performances according to the test methods 
described below. The results of evaluation are shown in Table 2. 



Preparation of Specimens: 

A fuel tank of 171 in volume for use in an autocycle having 498 cc in total exhaustion (hereinafter 
referred to as substrate A) or a steel plate SPCC-SB measuring 70 mm in length, 150 mm in width, and 1 
mm in thickness (hereinafter referred to as substrate B) was treated with zinc phosphate and then 
electrostatically coated with a water-soluble acrylic resin coating ("Aqua No. 7100 Balck* produced by 
Nippon Oils & Fats Co., Ltd.) to a dry thickness of 30 urn, followed by heating at 150°C for 30 minutes. 

On the acrylic resin-coated substrate was further applied each of the coatings of Examples and 
Comparative Examples to a prescribed dry thickness by spray-coating or electrostatic coating with or 
without a marking tape (produced by Sumitomo 3M Co., Ltd.) being adhered on the acrylic resin film, 
followed by setting at room temperature for 10 minutes. 

Each of the substrates coated with the coatings of Examples 1 and 3 to 5 and Comparative Examples 1 
to 3 was heated with a far infrared heater ("Infrastein" produced by Nippon Gaishi Co., Ltd.) at uniformly 
irradiated with ultraviolet light for 2 seconds using a high-pressure mercury lamp ( w Hi-Cure Lamp" 
manufactured by Nihon Denchi Co., Ltd.; length: 20 cm; 3 bulbs total of 4.8 kW) placed at a distance of 
about 20 cm from the substrate. After ultraviolet irradiation, the substate was further heated with a far 
infrared heater at a substrate temperature of 120°C for 5 minutes. 

The substrate coated with the coating of Example 2 was treated in the same manner as above, except 
that ultraviolet light irradiation was carried out for 3 seconds using a metal halide lamp (manufactured by 
Nihon Denchi Co., Ltd.; lentth: 20 cm; 3 bulbs each of 3.8 kW) as a ultraviolet light source. 

The substrate coated with the coating of Com parative Example 4 was heated with a far infrared heater 
at a substrate temperature of 150° C for 30 minutes. 



Evaluation of Performance Properties: 
Maximum Him Thickness 

The coating was applied on substrate B by spray-coating or electrostatic coating with no marking tape. 
The maximum thickness of a normal coating film formed in one coating operation was measured. The term 
"normal" for the coating film means that the film is free from any abnormality, such as sags, runs, and 
foaming, either during coating or during curing. A maximum thickness of 60 uxn or more was taken as an 
acceptance criterion. 
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Gloss Retention 

Substrate B onto which a marking tape had been adhered was electrostatically coated with the coating 
to a dry thickness of 70 am in Examples 1 to 5 and Comparative Examples 1 to 3 dt 40 urn in Comparative 
Example 4. The test specimen (cured) was subjected to weathering test using a sunshine weatherometer 
according to JIS K5400, and a gloss retention after a weatherometer exposure time of 1,000 hours (a 
percent retention based on the initial gloss) was determined. 



Color Difference (AE) 

Weathering test was carried out on the same specimens in the same manner as for evaluation of gloss 
retention according to JIS D0202. The color difference AE after a sunshine weatherometer exposure time of 
1 ,000 hours was calculated from equation: 



wherein AL = (Li -U); 
Aa = (ai -a$; 
Ab = (bi -D2); 

Li, ai, and bi each represents an initial value; and 
Li a& and tn each represents a value after testing. 



Adhesion 

Appearance of the same specimens as used for evaluation of gloss retention was evaluated for 
distinctness of image gloss by means of a portable glossmeter (PGD-IV manufactured by Tokyo Koden 
K.K.) Gloss of 0.9 or higher was taken as an acceptance creterion. 



The same specimens as used for evaluation of gloss retention were subjected to adhesion test in 
accordance with JIS K5400 6.15. Adhesion of 100 was rated as "good". 



Coating Property on Tape 

Substrate A or B on which a marking tape had been adhered was electrostatically coated with the 
coaing to a dry thickness of 70 am in Examples 1 to 5 and Comparative Examples 1 to 3 or 40 am in 
Comparative Example 4. The coating film on the area where the marking tape had been adhered was 
visually observed. A coating film suffering from no abnormality, such as cracks and wrinkles, was rated as 
"good*. 



Weathering Resistance 

The same test specimens as used for evaluation of coating properties on tape were fixed to a mount at 
an incline of 30 degrees from the horizon and exposed to weather on the shore of Okinawa for 2 years. The 
coating film free from any abnormality, such as color change and cracks, and remarkable reduction of gloss 
was rated as "good". 




Appearance 
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It can be seen from the results of Table 2 that the ultraviolet-curabl coating compositions according to 
the present invention exhibit xcellent performance properties. Whereas, the water-soluble acrlic/rnelamine 
resin clear coating of Comparativ Example 4 failed to satisfy requirements of distinctness of image gloss 

5 and* maximum film thickness. The coating film of Comparative Example 1 in which the proportion of the 
component (B) is less than the lower limit of the present invention shows poor adhesion to a substrate, has 
cracks when formed on a marking tape, and undergoes overall cracking when exposed to weather for 1 
year. "The coating film of Comparative Example 2 in which the proportion of the component (A) is less than 
the lower limit of the present invention is unsatisfactory in distinctness of image gloss and maximum film 

w thickness. The coating composition of Comparative Example 3 which does not contain the component (D) of 
the present invention undergoes cracking on the entire film surface when exposed to weather for 1 year. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

75 

Claims 

1 . A ultraviolet-curable coating composition comprising: 

20 (A) a ultraviolet-curable polyfunctional (meth)acrylate containing at least two (meth)acrylol groups in 

the molecule thereof and having a number average molecular weight of from 190 to 2,000, 

(B) a polyhydric alcohol mono{meth)acrylate polymer having a hydroxy I number of from 10 to 200, 

(C) a non-yellowing polyisocyanate compound, 
(0) a photo stabilizer, and 

25 (E) a photopolymerization initiator, 

wherein said components (A), or (B), and (C) are present in an amount of from 20 to 80% by weight 
based on the total amount of the components (A), (B), and (C) with said component (C) having an 
isocyanate equivalent of the component (B), said composition providing a cured film having a gloss 
retention of 90% or more and a color difference AE of 2 or less when tested with a sunshine weatherometer • 

30 for an exposure time of 1,000 hours. 

2. A ultraviolet-curable coating composition as in claim 1 , wherein the component (A) is present in an 
amount of from 30 to 70% by weight based on the total amount of the components (A), (B), and (C). 

3. A ultraviolet-curable coating composition as in claim 1, wherein the component (A) contains a- 
polyfunctional acrylate having at least three acryloyl groups in the molecule thereof. 

35 4. A ultraviolet-curable coating composition as in claim 3, wherein the component (A) further contains a 
polyfunctional acrylate having two acryloyl groups in the molecule thereof. 

5. A ultraviolet-curable coating composition as in claim 1, wherein the components (B) and (C) are 
present in an amount of from 70 to 30% by weight based on the total amount of the components (A), (B), 
and (C). 

40 6. A ultraviolet-curable coating composition as in claim 1, wherein the component (B) is a copolymer 

comprising 2-hydroxyethyl (meth)acrylate and/or 2-hydroxypropyl (meth)acryiate as a hydroxyl-containing 

monomer and a copolymerizable monomer or monomers. 

7. A ultraviolet-curable coating composition as in claim 1, wherein the component (C) is a polymer of 

hexamethylene diisocyanate and/or isophorone diisocyanate>_ 
45 8. A ultraviolet-curable coating composition as in claim 1 , wherein the component (C) has an isocyanate 

equivalent of from 0.4 to 1 .2 per hydroxyl equivalent of the component (B). 

9. A ultraviolet-curable coating composition as in claim 1 , wherein the component (D) is selected from 
hindered amine type antioxidants and benzotriazole type ultraviolet absorbents. 

10. A ultraviolet-curable coating composition as in claim 1, wherein the component (D) is present in an 
so amount of from 0.5 to 5 parts by weight per 100 parts by weight of the total amount of the components (A), 

(B), and (C). 

11. A ultraviolet-curable coating composition as in claim 1, wherein the component (E) is selected from 
acetophenone and derivatives thereof. 

1 2. A ultraviolet-curable coating composition as in claim 1 , wherein the component (E) is present in an 
55 amount of from 0.5 to 5 parts by weight per 100 parts by weight of the total amount of the components {A). 

(B), and (C). 

13. Process for preparing an ultraviolet-curable coating composition which comprises uniformly mixing 
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(A) an ultraviolet-curable polyfunctional (meth)acrylate containing at I ast two (meth)acrylol groups in 
the molecule thereof and having a number average molecular weight of from 190 to 2,000, 

(B) a polyhydric alcohol mono(meth)acrylate polymer having a hydroxyl number of from 10 to 200,* 

(C) a non-yellowing pofyisocyanate compound which has an isocyanate equivalent of the component 

<B). 

(D) a phQto stabilizer, and 

(E) a photopolymerization initiator, wherein said components (A) t or (B) t and (C) are mixed in such an 
amount that in the final product they constitute from 20 to 80% by weight based on the total amount of the 
components (A), (B), and (C). 
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